Integrated broiler operations, which control and operate vertically through all phases of the chicken industry, have applied biosecurity and sanitation practices, housing technologies, feeding regimens, and antibiotic applications in different ways to improve food safety. The objective of this study was to compare the prevalence and antimicrobial resistance profiles of Salmonella isolates recovered from 6 different integrated broiler operations and to analyze the characteristics of extended-spectrum β-lactamase (ESBL)-and plasmid-mediated AmpC β-lactamase (pAmpC)-producing Salmonella isolates. Among 336 chicken meat samples, 57 were observed to be positive for Salmonella. However, the prevalence varied from 6.8% to 45.8% in chicken meat, indicating variations in Salmonella occurrence among the operations. Salmonella Albany was the dominant serovar, followed by Salmonella Virchow. In the antimicrobial resistance test, nalidixic acid-resistant isolates were the most prevalent (73.7%), followed by isolates resistant to ampicillin (49.1%) and tetracycline (42.1%). Among 14 third-generation cephalosporin-resistant isolates, 9 (64.3%) ESBL/pAmpC-producing isolates were only obtained from 2 operations: bla CTX-M-15 (n = 7) and bla CTX-M-79 (n = 1) for ESBL genes and bla CMY-2 (n = 1) for pAmpC. All ESBL/pAmpC-positive isolates exhibited high minimum inhibitory concentrations (≥128 μg/mL) of most cephalosporins and showed multidrug resistance. The transfer of ESBL/pAmpC genes was confirmed in transconjugants, which had the same genes and similar resistance patterns as those of the donor. Our findings suggest that Salmonella with resistance to third-generation cephalosporins can now be found in association with integrated broiler operations, providing data to support the development of monitoring and prevention programs for the development and spread of antimicrobial resistance in integrated broiler operations.
INTRODUCTION
Salmonella is an important zoonotic pathogen that causes outbreaks and sporadic cases of gastroenteritis in humans throughout the world (Zishiri et al., 2016) . Salmonella infections in humans are commonly associated with the consumption of contaminated food of animal origin (Pires et al., 2014) . The incidence of Salmonella infections ranges between 14.53 and 17.55 cases per 100,000 people in the United States and 95,548 cases in the European Union (EFSA and ECDC, 2013) . In Korea, Salmonella has been reported as the major pathogen of foodborne illness with 9,472 cases of C 2018 Poultry Science Association Inc. Received July 24, 2018. Accepted October 15, 2018. 1 Corresponding author: youngju@knu.ac.kr food-and water-borne human salmonellosis from 1998 to 2007 (Kim, 2010) .
The extensive use of antimicrobial agents has contributed to the development of antimicrobial resistance and multidrug resistance (MDR) in different types of bacteria (Duong et al., 2006; Zishiri et al., 2016) . Especially, a rapid increase of resistance to extendedspectrum cephalosporins (ESC) including the thirdand fourth-generation cephalosporins poses a significant threat to public health worldwide (Rodríguez et al., 2009; Nguyen et al., 2016) . Resistance to ESCs is predominantly based on plasmid-mediated production of enzymes that inactivate these compounds by hydrolyzing their β-lactam ring (Liebana et al., 2013) . The most frequently detected groups of these enzymes in bacteria of animal origin are extended-spectrum β-lactamase (ESBL) and plasmid-mediated AmpC β-lactamase (pAmpC). ESBL-and pAmpC-producing bacteria are frequently present in the gastrointestinal tract of animals and have been isolated from swine, cattle, turkey, cats, dogs, poultry, wild animals, and horses (Dierikx et al., 2010) . Furthermore, ESBL-and pAmpC-encoding genes are usually located on transferable plasmids which can also carry resistance genes for other classes of antimicrobials and genes in pathogenesis, resulting in treatment limitation (D'Andrea et al., 2013) .
In Korea, 720,000 tons of chicken meat were produced in 2012, making it the second largest source of animal protein (Choi et al., 2014) . Over 94.0% of chicken meat is produced by several large integrated broiler operations, which control and operate through all phases of the chicken industry KAPE, 2017) . Antimicrobials have been utilized rampantly in integrated broiler operations, contributing to the emergence and widespread distribution of MDR Salmonella in chicken meat (Landers et al., 2012; Chuah et al., 2018) . Considering the Korea Animal Health Products Association report that the sales of cephalosporins increased by 5-fold from 2007 to 2015 (APQA, 2016), cephalosporin-resistant Salmonella, especially ESC-resistant Salmonella, is likely widely distributed in retail chicken. The purpose of the present study was to compare the prevalence and antimicrobial resistance profile of Salmonella isolates recovered from 6 different integrated broiler operations and to analyze the characteristics of ESBL-and pAmpC-producing Salmonella isolates.
MATERIALS AND METHODS

Sample Collection
A total of 336 chicken meat samples were collected from retail markets in Korea during the period from 2017 to 2018. These meat samples were produced by 84 broiler farms and divided into 6 different integrated broiler operations. Four samples from each farm were collected and tested in this study.
Isolation and Identification of Salmonella
Each meat sample was aseptically placed into a vacuum bag (Sealed Air, Elmwood Park, NJ) containing 400 mL of sterile buffered peptone water (BD Biosciences, Sparks, MD) and shaken 50 times. One hundred microliters of meat rinse water were transferred to 10 mL Rappaport Vassiliadis broth (Difco, United States) and incubated at 42
• C for 24 ± 2 h. After enrichment, the bacteria-containing selection broth was streaked onto RAMBACH agar (Merek, Germany) and incubated at 37
• C for 24 ± 2 h. The suspected Salmonella colonies were confirmed by identifying the invA gene as previously described (Rahn et al., 1992) . All Salmonella isolates were serotyped by slide agglutination tests with the commercial Salmonella O, and H phase 1 and phase 2 antisera (Difco, United States), according to the Kauffmann-White scheme (Grimont and Weill, 2007) .
Antimicrobial Resistance Analysis
Antimicrobial resistance test was performed by the agar disk diffusion method using the following antimicrobial discs (BD Biosciences): ampicillin (AM, 10 μg), amoxicillin/clavulanic acid (20/10 μg), cefazolin (CZ, 30 μg) (CLSI, 2013) . MDR was defined as acquired non-susceptibility to at least 1 agent in 3 or more classes of antimicrobials (Magiorakos et al., 2012) . Escherichia coli ATCC 25922 was employed as a quality control strain.
Detection and Characterization of ESBLand pAmpC-encoding Genes
The genes encoding ESBL and pAmpC were analyzed using PCR with the primers listed in Table 1 . All PCR-positive products were submitted to Cosmogenetech Corporation (Seoul, Korea) for sequencing. The obtained nucleotide sequences were compared with the reported sequences in the GenBank nucleotide database using the BLAST online service, provided by the National Center for Biotechnology Information (www.ncbi.nlm.nih.gov/BLAST), to determine the specific types of β-lactamase genes. The genetic environment of the bla genes was investigated by PCR using primers that specifically target ISEcp1, IS26, and orf477 genetic elements, in combination with primers for bla genes, as previously described (Eckert et al., 2006; Mendonça et al., 2007; Guo et al., 2014) .
Transconjugation Experiments
To determine the transferability of β-lactamaseencoding genes, conjugation experiments were performed by the broth mating method with sodium azideresistant E. coli J53 as a recipient (Tamang et al., 2012) . Transconjugants were selected on MacConkey agar (BD Biosciences) plates containing sodium azide (100 μg/mL; Sigma, ST Louis, MO, USA) and cefotaxime (2 μg/mL). Antimicrobial susceptibility tests and detection of β-lactamase genes were performed to assess the characteristics of all transconjugants as conducted to the donors. 
RESULTS
Characterization of Salmonella isolates from Retail Chicken Meat
The prevalence of Salmonella from retail chicken meat samples is shown in Table 2 . Among 336 chicken meat samples, 57 (17.0%) were observed to be positive for Salmonella. The prevalence of Salmonella on chicken meats varied from operation to operation. Among 6 integrated broiler operations, operation F showed the highest prevalence of Salmonella (45.8%, 11 of 24 samples), and operation B had the lowest prevalence (6.8%, 6 of 88 samples).
Isolates were assigned to 7 serovars of Salmonella enterica ssp. enterica. The most frequently detected Salmonella serovar was S. Albany (n = 25, 43.9%), followed by S. Virchow (n = 10, 17.5%), S. Panama (n = 8, 14.0%), S. Montevideo (n = 6, 10.5%), S. Enteritidis (n = 3, 5.3%), S. Senftenberg (n = 3, 5.3%), and S. Infantis (n = 2, 3.5%). S. Albany was isolated from 4 of the 6 operations, whereas S. Virshow and S. Infantis were each only recovered from 1 operation.
Antibiotic Resistance of Salmonella Isolates
The results of the antimicrobial susceptibility test of the Salmonella isolates are summarized in Table 3 . NA-resistant isolates were the most prevalent (n = 42, 73.7%), followed by isolates resistant to AM (n = 28, 49.1%), TE (n = 22, 38.6%), SXT (n = 19, 33.3%), and C (n = 19, 33.3%). Especially, the third-and fourth-generation cephalosporin-resistant isolates were observed in operations A, B, D, and F. No isolates from operation C or E exhibited resistance to cephalosporins. The distribution of MDR is shown in Table 4 .Twentynine (50.9%) of 57 isolates showed resistance from 3 to 7 classes of antimicrobial agents. In particular, isolates from operations A (50.0%, 7 of 14 isolates), D (33.3%, 3 of 9 isolates), E (75.0%, 6 of 8 isolates), and F (100.0%, 11 of 11 isolates) showed a high proportion of MDR with different predominant patterns.
Characteristics of Third-generation Cephalosporin-resistant Salmonella Isolates
The phenotypic and genotypic characteristics of third-generation cephalosporin-resistant Salmonella isolates are shown in Table 5 . Fourteen (24.6%) of the 57 isolates showed third-generation cephalosporin resistance. Among them, 9 (64.3%) ESBL-and pAmpC-producing isolates were only obtained from 2 operations: bla CTX-M-15 (n = 6) and bla CTX-M-79 (n = 1) from operation A, and bla CMY-2 (n = 1) and bla CTX-M-15 (n = 1) from operation D. All ESBL/pAmpC-positive isolates had a high MIC (≥128 μg/mL) for most cephalosporins tested in this study and were resistant to 4 or more different classes of antimicrobials, including cephalosporins (CAZ, CF, cephalexin, CTX, cefovecin, CXM, CZ, and EFT) and non-cephalosporins (AM, amoxicillin/clavulanic acid, ciprofloxacin, gentamicin, NA, and TE). Analysis of the surrounding regions of the bla genes of 9 ESBLand pAmpC-producing isolates showed that ISEcp1 or IS26 or both were identified upstream of all bla genes, whereas orf477 was detected downstream of 7 bla CTX-M genes. The transferability of bla CTX-M-15 and bla CMY-2 genes was observed in 6 (66.7%) out of 9 ESBL-and pAmpC-positive isolates.
DISCUSSION
In Korea, Salmonella is the major cause of bacterial foodborne poisoning (Ha et al., 2018) . Especially, chickens and their meat were seen to have the highest Salmonella isolation rates among all livestock (Hyeon et al., 2011) . In this study, the prevalence of Salmonella from retail chicken meat (17.0%) was lower than that in a previous domestic report (22.4%) : for other countries' reports, EU (3.5%) (Antunes et al., 2016) , Vietnam (48.7%) (Ta et al., 2014) , China (43.3%) , Malaysia (39.4%) (Shafini et al., 2017) , and Colombia (26.0%) (Donado-Godoy et al., 2015) . These reports indicated that Salmonella is widely distributed in retail chicken meat worldwide, which can lead to an increased risk of salmonellosis outbreak upon consumption of the contaminated chicken meat. In addition, the prevalence of Salmonella in chicken meats varied from 6.8% to 45.8%, indicating variation in Salmonella occurrence among the operations. Although the sample sizes differed, the prevalence of Salmonella might be associated with differences in hygiene and sanitation levels of each operation (Manios et al., 2015) . S. Albany, the most frequently observed serovar in this study, had a broader distribution as it was present in 4 operations, whereas S. Virchow, the second most predominant serovar, was restricted to only 1 operation. This is consistent with a previous report that S. Albany and S. Virchow were recently the main serovars isolated from chicken carcasses in Korea (APQA, 2016) . According to the Korean Centers of Disease Control and Prevention annual Salmonella report, S. Virchow has also frequently been isolated from patients with diarrhea and ranked among the top 10 serotypes in Korea (KCDC, 2015) . Since 2006, the European Union has been conducting breeding flock control programs with the goal of achieving 1% or less of positive poultry flocks for 5 key serovars (i.e., S. Enteritidis, S. Typhimurium, S. Infantis, S. Hadar, and S. Virchow) (Fuche et al., 2016) and most countries met their targets in 2012 (Hugas and Beloeil, 2014) . However, in Korea, no specific policies have been implemented to reduce the prevalence of these Salmonella serovars. Thus, these results suggested that the particular serotypes, such as S. Virchow and S. Albany, should be included in the list of Salmonella serovars that are regularly monitored and controlled in the poultry industry.
In this study, a high proportion of Salmonella isolates showed resistance to NA (73.7%), AM (49.1%), TE (42.1%), SXT (33.3%), and C (33.3%), which have been widely used in the broiler industry in Korea (APQA, 2016). Interestingly, this result agrees with the antimicrobial resistance profiles of Salmonella isolates from patients with diarrhea (Yoon et al., 2017) . These observations support the possibility that chicken meat might be a potential source of antimicrobial-resistant Salmonella infections in humans. The prevalence of MDR in this study was 50.9% (29 of 57 isolates), which was relatively lower than that (63.6%) in previous investigations in Korea (Park et al., 2017) . Moreover, there were significant differences in the prevalence and predominant patterns of MDR among operations. Considering that each broiler operation applies its own distinct biosecurity and sanitation practices, vaccine programs, and antibiotic application, these differences might be associated with the antimicrobial usage patterns in integrated operations (Kim et al., 2007) . Therefore, integrated broiler operations should adopt guidelines for the prudent use of antimicrobial agents throughout the broiler production process in order to reduce the emergence and spread of resistant strains with potentially serious effects for food safety.
Cephalosporins, especially the third-and fourthgeneration cephalosporins, are listed as critically important antimicrobials for both humans and animals by the World Health Organization, owing to their importance in treating infections caused by Campylobacter, Salmonella, and E. coli (WHO, 2015) . Recently, the rapid emergence of third-generation cephalosporin-resistant isolates has been reported worldwide, including in Korea (Kim et al., 2016; Qiao et al., 2017) . In this study, 24.6% of Salmonella isolates showed decreased susceptibility to third-generation cephalosporins. This rate was higher than that reported in China (5.5%) (Bai et al., 2015) , Japan (10.5%) (Shigemura et al., 2018) , and Canada (12.8%) (CIPARS, 2015) . This indicates that cephalosporins, including EFT and cefquinome representing thirdand fourth-generation cephalosporins, respectively, have been continuously used in large quantities in the poultry industry in Korea (APQA, 2016) . A common mechanism of resistance to thirdgeneration cephalosporins is based on the production of plasmid-mediated β-lactamase enzymes, especially ESBL and pAmpC. In general, the occurrence of ESBL and pAmpC producers in Salmonella isolates is low; however, there has recently been a rapid increase in ESBL-and pAmpC-producing Salmonella isolates from humans and animals worldwide (Yates and Amyes, 2005; Qiao et al., 2017) , including in China (Wu et al., 2013; Yang et al., 2014) , Germany (Rodríguez et al., 2009) , the United States (Winokur et al., 2001) , and Brazil (Biffi et al., 2014) , which has become a great public health concern. Presently, bla CTX-M-79 and bla CTX-M-15 for ESBL genes and bla CMY-2 for pAmpC genes were detected in 9 Salmonella isolates from only 2 operations. bla CTX-M-15 and bla CMY-2 are 2 of the most prevalent β-lactamase genes in bacterial isolates from food-producing animals in many countries (Eller et al., 2013; Qiao et al., 2017) . bla CTX-M-79 , which differs from bla CTX-M-15 by a single nucleotide polymorphism, has recently often been isolated from animals and humans in other countries, in contrast with previous reports describing it as less frequent and present sporadically (Tian et al., 2014; Wong et al., 2014 Wong et al., , 2016 . In addition, a remarkable relationship of bla CTX-M -and bla CMY-2 -positive isolates with insertion elements was observed. Mobile insertion sequences, such as ISEcp1, IS26, and orf477, could play an important role in the spread of ESBL/pAmpC by affecting the mobilization and expression of bla genes (Poirel et al., 2005; Eckert et al., 2006) .
In the present study, ESBL genes were mainly identified in S. Virchow, which was observed as the second most common serotype. Some previous studies reported that the prevalence of third-generation cephalosporinresistant S. Virchow has dramatically increased in recent years, and that ESBL-producing S. Virchow isolates from humans in Korea have disseminated clonally with high genetic relatedness, including the presence of the bla CTX-M-15 gene (Bonalli et al., 2011; Kim et al., 2016) . In addition, Salisbury et al. (2011) reported that isolates from humans and poultry in England exhibited relatively high levels of genetic relatedness. Thus, combined with data from previous studies, our results emphasize the need for comprehensive surveillance to prevent further dissemination of these resistant clonal strains.
Our results revealed that all ESBL-and pAmpCproducing Salmonella isolates had a high MIC value for most cephalosporins and showed frequent coresistance to other classes of antimicrobial agents, which is consistent with previous reports (Zhao et al., 2001; Liu et al., 2013; Mehdipour Moghaddam et al., 2015) . Furthermore, the majority of the strains bearing ESBL/pAmpC genes transferred their resistance determinants to the recipient E. coli J53 strain by conjugation. Transconjugants possessed the same genes and expressed similar resistance patterns as the donor strains. It indicates that ESBL-and pAmpC-producing Salmonella isolates might be transmitted clonally to humans through contaminated food products of poultry origin. Because genes involved in pathogenesis can be also transferred along with these antimicrobial resistance elements, the transfer of ESBL-and pAmpC-encoding genes and pathogenic clusters into the bacterial host's plasmids facilitates the emergence of more virulent and antimicrobial resistant isolates, consequently leading to treatment limitations in humans and animals (Qiao et al., 2017) . To our best knowledge, this is the first study to investigate the characteristics of Salmonella isolates from different integrated broiler operations in Korea. Our findings suggest that Salmonella strains with resistance to third-generation cephalosporins can now be found in association with integrated broiler operations, providing the data to support the development of monitoring and prevention programs in integrated operations.
